Thank you for submitting your manuscript for consideration by The EMBO Journal. We have now received the reports of three expert reviewers, whose comments directly to the authors are copied below. As you will see, all three reviewers consider the subject -and also the results -of your investigation on the roles of the various Atg8 homologues in mammalian cells potentially very important and interesting. While they would therefore all find the study suited for The EMBO Journal in principle, it is however also apparent that none of them feels the study is already suitable for publication in this journal at the present stage of analysis. Many points they bring up in this respect go towards controls and discussions/interpretation and might likely be addressed in a straightforward manner. At the same time, there are however also some more significant issues with the support for the main conclusions and the depth of understanding achieved, which I think are well taken. One of these concerns that would need to be addressed refers to points 1 (and 7) of referee 1, which is to add some more direct evidence for the sequential action of LC3 and GABARAP family members on one and the same autophagosome. Another main criticisms echoed in the comments of referees 2 and 3 is that some further insight into the exact role of GABARAP proteins is missing. Finally, it appears that while a complete dissection of individual LC3 and GABARAP family members may be somewhat beyond the scope of the present manuscript, at least some initial experiments to address the possibility of intra-subfamily redundancy would be important.
I realize that carefully addressing these various points may require a substantial amount of additional time and effort, but at the same time I agree that they represent important issues, and I also note that following the reasonable experimental suggestions of the three referees may generally be feasible and potentially quite insightful in this respect. Thus, should you be able to satisfactorily substantiate the study in the spirit of the referees' comments, we should be happy to consider a revised manuscript for publication. As it is EMBO Journal policy to allow a single round of major revision only, it will however be important to diligently answer to all the various points raised at this stage if you wish the manuscript ultimately to be accepted. When preparing your letter of response, please also bear in mind that this will form part of the Review Process File, and will therefore be available online to the community in the case of publication (for more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html). In any case, please do not hesitate to get back to us should you need feedback on any issue regarding your revision.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely, Editor
The EMBO Journal _____ REFEREE REPORTS:
Referee #1 (Remarks to the Author):
Weidberg et al. LC3 and GATE-16/GABARAP subfamilies are both essential yet act differentially in autophagosome biogenesis This study by Weidberg et al. uses siRNA to silence all members of the LC3 family of mammalian Atg8 proteins and most (excluding GABARAP-L3) of the GABARAP family, to analyse the differential effects of these upon autophagosome biogenesis. Efficacy of silencing is demonstrated by RT-PCR, and through the suppression of GFP-LC3B and GFP-GATE-16 in respective cell-lines stably expressing these constructs. The authors then demonstrate that silencing of either family impacts autophagy by blocking autophagic flux and restricting turnover of long-lived proteins. Notably, silencing of the LC3 family blocks the flux of GATE-16 decorated autophagosomes, with the corresponding reverse experiment (GABARAP silencing) having the same effect upon LC3B autophagosome flux. This suggests cooperation between the 2 Atg8 families. The authors explore the affects of Atg8 knockdown upon the enrichment of factors operating upstream of Atg8 recruitment to the autophagosome membrane (Atg5 and 16), then use immuno electron microscopy (immunoEM) to demonstrate that knockdown of either Atg8 family leads to assembly of stalled autophagosomal structures of distinct sizes: larger than control Atg5 labelled structures in GABARAP silenced cells, smaller than control in LC3 silenced cells. Accordingly, overexpression of GFP-LC3B results in formation of larger Atg16 decorated structures than seen in cells overexpressing . From these data, the authors propose a model in which LC3 and GABARAP Atg8 families act sequentially to facilitate assembly of an autophagosome -LC3 needed for phagophore elongation, GABARAPs needed for later stages. This is an interesting and potentially very important study that raises some significant questions about the roles of Atg8 family members in mammalian cells undergoing autophagy, althoughy the manuscript is quite hard to read. That said, the data are reasonably clear and generally of good quality, although there are examples of figures with insufficient use of controls and/or poor labelling, which could be quite straightforwardly rectified. The question is whether the experimental data are sufficient to support the hypothesis proposed?, and in its current format I believe not. The article relies upon cells overexpressing GFP-Atg8 family members or YFP-Atg5, combined with the use of huge doses of siRNA duplexes, and I think for EMBO journal better validation with endogenous proteins should at least be required. The model assumes, for example, that LC3 and GABARAPs engage sequentially with the same autophagosomes, but this is not demonstrated. I also have some concerns about the potential side-effects of Atg8 silencing on the autophagosome biogenesis machinery, most particularly the amount of silencing oligos used in each experiment, and the potential influence of the observed accumulation of p62 as this might sequester available Atg8 thereby effectively "knocking down" all family members when the steady state levels of one or other family are suppressed.
Specific points:
(1) To support the notion of sequential/ differential action of Atg8 family members during autophagosome biogenesis, experiments are required to show that these markers label the same autophagosomes during biogenesis, maturation and trafficking. This could be done quite easily by quantitative live-cell fluorescence imaging of suitable GFP-tagged LC3/GABARAP families, or by quantitative immunoEM.
(2) Have the authors explored the effects of singly knocking down particular LC3/GABARAPs? Is there a dominant representative, for example? This, I think would be useful information, because the idea that the families act in concert is appealing, but does little to explain why there is apparent redundancy within the separate families.
(3) Dharmacon SmartPools are used for silencing, consisting of 4 oligos (50nM). For the silencing experiments, three of these are used together, meaning a total of 12 individual duplexes (600nM), which is very high. I note that the controls oligos consist of only one SmartPool set (ie. a different concentration of oligos) -are the authors certain that such a high concentration of oligos is not detrimental to the cells? Is there published precedent for such an approach?
(4) The long-lived protein degradation experiment is very dramatic, although the way in which it is presented (% increase ratio of unstarved vs starved) does not allow us to see the real values and is prone to over-emphasise small differences. Can this be presented simply as % degradation of longlived proteins?
(5) The build up of p62 following Atg8 silencing is very dramatic (compare for example siLC3 +BafA in Fig. 1A ). Although this is clear evidence that Atg8 silencing exerts a potent block on autophagy, it may also point to a general imbalance in the autophagosome biogenesis machinery causing a kinetic arrest. Although this in itself would be very interesting and could reflect the autophagy phenotypes observed in certain disease states, it would not necessarily be consistent with the notion of sequential Atg8 action proposed by the authors. One possible way to address this would be to compare the starvation responses in p62 null MEFs treated with Atg8-silencing oligos, but at any rate it would be useful to have the authors' opinion on this.
(6) Atg5 labelled autophagosomes look complete (sealed) in the immunoEM images -is this to be expected? The build up of Atg5/16 decorated structures at the light microscope level (Fig. 4A) suggests that Atg5/16 remain associated with the nascent autophagosome for longer, indicative of a kinetic defect in autophagosome formation. Do the authors have any kinetic data suggesting that Atg5 or 16 remain associated with nascent autophagosomes longer in the LC3 silenced cells than in control or GABARAP-silenced cells? Live-cell imaging of GFP-tagged Atg5 in combination with LC3 or GATE-16 in the reciprocal knockdowns would reveal this.
(7) The differences in sizes of the stalled autophagosomes resulting from siRNA silencing of the alternative family is interesting and is taken as evidence for a role for the different Atg8 families at different stages of biogenesis. Would not the choice of cargo selected by different Atg8-decorated autophagosomes or unknown features of their modes of action also possibly impact on autophagosome size? In other words, by silencing one Atg8 family, the authors might be enriching for autophagosomes typical of the other family. Whilst this alternative explanation cannot account for the apparent impact of silencing of one family-type on the relative amounts of representatives of the other (and the overall block in autophagy), it should not be ignored. This would in part be addressed were the authors to carry out the experiments suggested in point (1). ImmunoEM preferably using antibodies to endogenous proteins comparing sizes of LC3 or GATE-16 decorated autophagosomes in control cells would be needed were the two markers to label distinct populations of autophagosomes.
Minor points:
(1) The use of blue in many of the figures makes the images hard to see. Please separate these as individual gray-scale images and use red/green only in 2 color overlays.
(2) Please show a single gel for Fig. 2A , or at least evidence that these lanes were taken from the same blot. The authors address a very important question about the regulation of autophagy in mammalian cells. The function of the various atg8 isoforms and paralogs in autophagy is not known. On the basis of RNA interference data, the authors came to the conclusion that LC3 and GATE16/GABARAP subfamilies are both involved in the biogenesis of autophagosomes. Moreover, the results reported convincingly demonstrate that LC3 is involved in the expansion of the phagophore membrane and of GATE/GABARAP at a later stage of autophagosome maturation. Overall the study is well conducted, and the results are not overinterpreted. The manuscript reads very well. However, the role of GATE 16/GABARAP in the formation of the autophagosome remains unclear, although this difficult question is of key importance for the impact of the study. Although this is not directly addressed by the authors, one possible function for GATE16/GABARAP would be to seal the autophagosome membrane downstream of the LC3-dependent expansion of the phagophore membrane. Testing this hypothesis without anticipating the result would provide important information about the role of GABARAP/GATE 16 in autophagy. The authors show that the expression of a mutant of Atg4, which is specific for GABARAP/GATE 16, blocks autophagy. Following on from this result, we could ask whether cells expressing the Atg4A mutant accumulate unclosed autophagosomes. The authors must at least address this question, which would make it possible to compare their findings with the results recently reported by Fujita et al on the accumulation of unclosed autophagosomes in cells expressing a mutant form of Atg4B, a form of Atg4 that prefers LC3, but that can act on other members of the Atg8 family. Other points. The LC3 Western blot in cells expressing GFP-LC3B shown in Figure 2 A is not convincing. In siGABARAPs transfected cells the level of LC3-II is lower in the presence of Baf A1 than in its absence. The authors should provide a better explanation about how they came to the conclusion that BFA did not block the autophagic flux on the basis of the experiment shown in Fig S1 . This would be helpful for readers who are not really familiar with autophagy. The results shown in Figures 3A and B suggest that the knockdown of GATE-16/GABARAP has a more pronounced effect on the autophagic flux than that of LC3s. Possible hypotheses that could explain this result would be that less functional autophagosomes are formed in the absence of GATE-16/GABARAP and/or that the size of mature autophagosomes is altered.
Referee #3 (Remarks to the Author):
This paper by Weidberg et al addresses an important issue in the field of autophagy research, namely the relative roles of the LC3 and GABARAP subfamilies in autophagosome formation during macroautophagy. While yeast has only one ATG8 protein and Drosophila and C. elegans have two, higher eukaryotes like mammals have 8 ATG8 homologs. These can be divided into the LC3 (LC3A, -B and C isoforms) and GABARAP (GABARAP, GABARAP-L1, -L2/GATE-16 and -L3 isoforms) subfamilies. So far very little is known about the different functionalities and/or functional redudancies of the different subfamilies and their respective isoforms. The originality of this work lies in the fact that the authors try to address this issue. As experimental strategies they employ siRNA knock down of the two subfamilies and overexpression of GFP-LC3B or GFP-GATE-16 as well as overexpression of a dominant negative mutant of ATG4A affecting only the GABARAP/GATE-16 subfamily in HeLa cells. Their results support the conclusion that both the LC3 and GABARAP/GATE-16 subfamily are required for macroautophagy and act at different stages during autophagosome formation. The LC3 subfamily act first and are involved in determining the size of the autophagosomes. This is likely by mediating elongation of the phagophore membrane as determined for yeast ATG8 by others before. The GABARAP/GATE-16 subfamily act at a subsequent step but the mechanism of action at this stage is not resolved in this work. This is an interesting study which tries to address an important problem in a field of research which is gaining a lot of attention since autophagy affects many important biological processes and likely plays critical roles in cancer, neurodegenerative diseases, infection and immunity. The experiments seem well conceived and the quality of the data is very good. My major criticisms to this work is that 1) we do not get to learn more about the mechanism of action of the GABARAP/GATE-16 subfamily and 2) that there are no experiments trying to say something of the relative importance of distinct members of the LC3 and GABARAP/GATE-16 subfamilies in autophagosome biogenesis. Specific points: 1. As already mentioned above it would have been nice if the authors could have revealed something about the mechanism of action of the GABARAP/GATE-16 subfamily in autophagosome formation downstream of the membrane expansion mediated by the LC3 subfamily. Although this may not be an easy task one could perhaps start by asking whether these proteins act in transport of autophagosomes or fusion events with late endosomes and/or lysosomes?
2. This study makes no attempt to address the next level, namely the relative importance of the different members of the two subfamilies. Using siRNA KD (knock down) it would be worthwhile to test whether KD of single members has any effect at all. The answer may be that there is redundancy, but this is not tested yet. If we look at the relative expression levels of mRNAs shown in Figure S1 we see that GATE-16/GABARAP-L2 which has been focused upon here (stable GFP-GATE-16 cell line used) has a very low relative expression level, for example. What happens if the authors knock down GABARAP-L1? Will that affect autophagosome formation? Also, along the same line, there are higher mRNA levels of LC3A and -C than of -B. Will single KD of any of these affect autophagosome formation.
3. Will overexpression of GABARAP-L1 or GABARAP give the same effect as GATE-16? Likewise, will overexpression of LC3A or LC3C give the same result as LC3B?
4. The source (catalogue number if needed) and dilutions used for the different antibodies employed in this work should be given; LC3, p62, myc and GFP Abs. 7. What is the average size of autophagosomes in the HeLa cells used in this work? This is relevant since autophagosome size an important readout in this work.
8. At the bottom of page 7 experiments using cell stably expressing siRNA resistant GFP-LC3B or GFP-GATE-16 are described. However, I could not find any description on how these cells were made. The cells were used in experiments with Dharmacon Smart pools of siRNAs which contain 4 RNA oligos. This means that there must be 4 target sequences mutated in the GFP-LC3B and GFP-GATE-16 constructs used to make the cell lines? Or, is only one siRNA duplex used in these cases? If the latter situation is the case the sequence of the siRNAs used must be given along with the description of the mutations made.
9. In Fig. 6B , lower panel, KD of LC3 in the GFP-GATE-16 cell line still shows many GFP-positive dots. Does this mean that there is inefficient KD of LC3 or does the overexpression of GFP-GATE-16 compensate to a certain degree for the loss of LC3? To put it another way: Does overexpressed GFP-GATE-16 also do the job usually done by LC3 in phagophore expansion ? If there was a strict sequential scenario with LC3 acting before GATE-16 there should be very few autophagosomes? Or, do these structures represent aggregates of GFP-GATE-16 and not autophagosomes?
10. In the last paragraph of page 10 it is stated that: "--, as knockdown of both p62 and NBR1 does not affect autophagy (Komatsu et al., 2007; Shvets at al., 2008b) ." However, these two papers do not contain any data on KD of NBR1. Referee #1 (Remarks to the Author):
We thank the referee for his/her constructive comments. As detailed below we addressed all the referee's comments and hope that he/she agrees that the revised manuscript is now suitable for publication in EMBO J.
The question is whether the experimental data are sufficient to support the hypothesis proposed?, and in its current format I believe not. The article relies upon cells overexpressing GFP-Atg8 family members or YFP-Atg5, combined with the use of huge doses of siRNA duplexes, and I think for EMBO journal better validation with endogenous proteins should at least be required.
We have invested enormous amount of time and effort to address the issue of the endogenous proteins. In the supplementary section we show that knockdown of GABARAPs leads to the accumulation of the endogenous LC3B. The reciprocal experiment however turned impossible at this time as several commercially available (as well as some non-commercial) antibodies against these proteins (both GATE-16 and GABARAPs) failed to reproducibly recognize the endogenous proteins. This led us to use the GFP tagged proteins in our study. Importantly, the fact that overexpression of one subfamily did not compensate for the other strongly supports our model that both subfamilies act differently in this process. The referee raised some concern that our model is based only on siRNA in cells expressing GFP-Atg8s or Atg5. As a matter of fact, in the original manuscript we utilized an alternative approach to selectively remove GABARAPs using the Atg4A dominant negative mutant. In the revised manuscript we extended our studies using this mutant by extensive EM analysis (morphology). As depicted in Figure 7B of the revised manuscript, we show that the expression of this mutant leads to an accumulation of open autophagosmes in comparison to the mock transfected cells. More importantly, both closed and open autophagosomes appear larger in cells expressing the mutant Atg4A versus the mock transfected cells. These results not only confirm the role we suggested for LC3s in elongation but also provide new insights regarding the role of GABARAPs in late stages of autophagosome formation and in regulating the membrane size, possibly by sealing it.
The model assumes, for example, that LC3 and GABARAPs engage sequentially with the same autophagosomes, but this is not demonstrated
We thank the referee for this comment and in accord to his/her suggestion we performed the requested experiment. In the revised manuscript we utilized cells expressing both GFP-LC3B and drRed-GATE-16 and demonstrated by live microscopy that these proteins co-localize on dynamic autophagosomes (movie 1). To exclude the possibility that the accumulation of p62 observed in our system contributes to the defect, p62 was knocked down simultaneously with each of the Atg8 members. As shown in Figure  S2 , removal of p62 did not alter the effect of Atg8s knockdown described in this study. Please note that the observed accumulation of p62 detected in our system is the result and not the cause for the autophagic defect. It is difficult to explain otherwise why p62 accumulates to begin with.
Specific points:
( We now present a movie demonstrating that GFP-LC3B and dsRED-GATE-16 co-localize on dynamic autophagosomes (movie 1). Notably, these experiments were performed on cells that were kept under the antibiotic selection for about 10 days (to avoid potential problems caused by a transient transfection). However, due to yet unclear reasons we could not maintain this cell line for a longer period and therefore were unable to analyze it by immuno-EM. Please note that colocalization of these proteins on autophagosomes was previously reported by Kabeya et al. (2004) . As suggested by the referee we tested the contribution of each of the Atg8 members separately. As depicted in Figure S1 -D of the revised manuscript, removal of individual members of each subfamily led only to a partial effect while removal of the entire subfamily had a much stronger effect. These results suggest a redundancy between members of each subfamily thus justifying our strategy to eliminate all subfamily members. In this study we used 50 nM of siRNA pools, notably, this concentration refers to the pool of the 4 oligos of each gene, namely, to silence one subfamily we used a total concentration of 150 nM. Accordingly, we used a non-targeting control pool, which also contains 4 oligos. Please note that, throughout the manuscript we used the same amount of non-targeting control pool as our genes pools, thus, when we used pools against 3 genes in a total concentration of 150 nM we used the same concentration of non-targeting control pool. In the revised manuscript, we clarify this issue in the Materials and Methods section. Finally, we would like to draw the referee's attention to the fact that the siRNA resistant proteins, which were introduced into the knockdown cells, recovered the effect.
(4) The long-lived protein degradation experiment is very dramatic, although the way in which it is presented (% increase ratio of unstarved vs starved) does not allow us to see the real values and is prone to over-emphasise small differences. Can this be presented simply as % degradation of longlived proteins?
We thank the referee for this comment and now present the data accordingly. A dramatic accumulation of p62 is expected when autophagy is blocked over 72 h in response to the siRNA transfection; the Baf A treatment, however, was added to the cells only in the last 2 h. In addition, to further exclude the contribution of p62 to the inhibition of autophagy, we examined cells knocked down of both Atg8s and p62 as detailed above. Figure 4B of the revised manuscript and presented in the supplementary movie 2, we indeed found an elevation in the Atg5 puncta lifespan in the knockdown cells.
(7) The differences in sizes of the stalled autophagosomes resulting from siRNA silencing of the alternative family is interesting and is taken as evidence for a role for the different Atg8 families at different stages of biogenesis. Would not the choice of cargo selected by different Atg8-decorated autophagosomes or unknown features of their modes of action also possibly impact on autophagosome size? In other words, by silencing one Atg8 family, the authors might be enriching for autophagosomes typical of the other family. Whilst this alternative explanation cannot account for the apparent impact of silencing of one family-type on the relative amounts of representatives of the other (and the overall block in autophagy), it should not be ignored. This would in part be addressed were the authors to carry out the experiments suggested in point (1). ImmunoEM preferably using antibodies to endogenous proteins comparing sizes of LC3 or GATE-16 decorated autophagosomes in control cells would be needed were the two markers to label distinct populations of autophagosomes.
We thank the referee for this comment. Unfortunately, however, for technical reasons and since we could not find reliable antibodies against GATE-16/GABARAP we could not perform the above experiment (see our answer to point (1).
Minor points:
(
1) The use of blue in many of the figures makes the images hard to see. Please separate these as individual gray-scale images and use red/green only in 2 color overlays.
We thank the referee for this suggestion. In the revised manuscript we replaced the blue color by green or red in images, which contain two colors and switch it to magenta in the images, which contain three colors.
(2) Please show a single gel for Fig. 2A , or at least evidence that these lanes were taken from the same blot. We replaced this Figure with a gel in which the samples were run next to each other as requested by the referee. Fig. 3B , whilst a 2 hour starvation is consistently used elsewhere in the manuscript? Figure 3B describes the quantification of GFP-LC3/GATE-16 flux using FACS analysis. Since this method measures the total protein level in live cells its sensitivity is different from the other methods used in this manuscript and, as described previously by Shvets et al. (2008) , longer periods of starvations allow better effect to be monitored.
(3) Why was 5 hours starvation used in
(4) The bar charts in Fig. 6A We quantified the GATE-16 and LC3 phenotype differently. The quantification of the Atg16 puncta structures in GATE-16 overexpressing cells was obtained by counting the number of these structures per cell since this overexpression reduced the number of the structures. In contrast, the quantification of the Atg16 puncta structures in LC3B overexpressing cells was obtained by counting the cells which contain structures larger than 2 µm, since LC3 induced the elongation of the phagophore membrane.
(2) Quantitation is needed in Fig. 6C . The quantification to these experiments is now added.
(3) Controls are needed for Fig. 6D, showing Glycine mutants expressed in the absence of siRNAs.
The control of non-targeting oligos transfection is now presented.
(4) GABARAP siRNA causes accumulation of swollen autophagosomes in GFP-LC3B cell-line. Do the authors see the same in cells not overexpressing GFP-LC3B?
No such structures are observed in cells that do not express GFP-LC3B. Moreover, as presented in Figure 4C , no similar structures appear in HeLa cells expressing YFP-Atg5.
Referee #2 (Remarks to the Author):
The authors address a very important question about the regulation of autophagy in mammalian cells. The function of the various atg8 isoforms and paralogs in autophagy is not known. On the basis of RNA interference data, the authors came to the conclusion that LC3 and GATE16/GABARAP subfamilies are both involved in the biogenesis of autophagosomes. Moreover, the results reported convincingly demonstrate that LC3 is involved in the expansion of the phagophore membrane and of GATE/GABARAP at a later stage of autophagosome maturation. Overall the study is well conducted, and the results are not overinterpreted. The manuscript reads very well. However, the role of GATE 16/GABARAP in the formation of the autophagosome remains unclear, although this difficult question is of key importance for the impact of the study. Although this is not directly addressed by the authors, one possible function for GATE16/GABARAP would be to seal the autophagosome membrane downstream of the LC3-dependent expansion of the phagophore membrane.
We greatly thank the referee for the positive review emphasizing the significance of our findings. We thank the referee for raising this important issue. In the revised manuscript we present EM data from a new set of experiments in which we examined the morphology of the autophagic membranes in cells expressing the Atg4A dominant negative mutant. As depicted in Figure 7B, We thank the referee for this comment and rephrased the paragraph describing the BFA experiment. Figures 3A and B We thank the referee for this comment, however based on the experimental system describe in this study (siRNA) it is difficult at this stage to conclude on the relative effect of the different subfamily but rather determine their overall differential role in the process.
Testing this hypothesis without anticipating the result would provide important information about the role of GABARAP/GATE 16 in autophagy. The authors show that the expression of a mutant of

The results shown in
This paper by Weidberg et al addresses an important issue in the field of autophagy research, namely the relative roles of the LC3 and GABARAP subfamilies in autophagosome formation during macroautophagy. While yeast has only one ATG8 protein and Drosophila and C. elegans have two, higher eukaryotes like mammals have 8 ATG8 homologs. These can be divided into the LC3 (LC3A, -B and C isoforms) and GABARAP (GABARAP, GABARAP-L1, -L2/GATE-16 and -L3 isoforms) subfamilies. So far very little is known about the different functionalities and/or functional redudancies of the different subfamilies and their respective isoforms. The originality of this work lies in the fact that the authors try to address this issue. As experimental strategies they employ siRNA knock down of the two subfamilies and overexpression of GFP-LC3B or GFP-GATE-16 as well as overexpression of a dominant negative mutant of ATG4A affecting only the GABARAP/GATE-16 subfamily in HeLa cells. Their results support the conclusion that both the LC3 and GABARAP/GATE-16 subfamily are required for macroautophagy and act at different stages during autophagosome formation. The LC3 subfamily act first and are involved in determining the size of the autophagosomes. This is likely by mediating elongation of the phagophore membrane as determined for yeast ATG8 by others before. The GABARAP/GATE-16 subfamily act at a subsequent step but the mechanism of action at this stage is not resolved in this work. This is an interesting study which tries to address an important problem in a field of research which is gaining a lot of attention since autophagy affects many important biological processes and likely plays critical roles in cancer, neurodegenerative diseases, infection and immunity. The experiments seem well conceived and the quality of the data is very good.
We thank the referee for his/her positive and constructive comments.
My major criticisms to this work is that 1) we do not get to learn more about the mechanism of action of the GABARAP/GATE-16 subfamily
In the revised manuscript we present a new set of experiments aimed to gain a better understanding of the GABARAP/GATE-16 subfamily role in autophagy. As presented in Figure 7B of the revised manuscript, we examined the morphology of the autophagic membranes in cells expressing the Atg4A dominant negative mutant and found that the mutant expressing cells accumulate more open autophagosmes in comparison to the mock cells. More importantly, we found that both closed and open autophagosomes appear larger in the mutant expressing cells than in mock cells. These results not only confirm the role we suggested for LC3s in elongation but also provide new insights regarding the role of GABARAPs. Accordingly, we suggest that GABARAPs act in late stages of autophagosome formation, controlling the size the membrane, possibly by regulating the sealing process.
2) That there are no experiments trying to say something of the relative importance of distinct members of the LC3 and GABARAP/GATE-16 subfamilies in autophagosome biogenesis.
As suggested by the referee we tested the contribution of the Atg8s members separately. As depicted in Figure S1 -D of the revised manuscript, removal of individual members of each subfamily led only to a partial effect while removal of the entire subfamily had a much stronger effect. These results suggest a redundancy between members of each subfamily thus justifying our strategy to eliminate all subfamily members.
Specific points: 1. As already mentioned above it would have been nice if the authors could have revealed something about the mechanism of action of the GABARAP/GATE-16 subfamily in autophagosome formation downstream of the membrane expansion mediated by the LC3 subfamily. Although this may not be an easy task one could perhaps start by asking whether these proteins act in transport of autophagosomes or fusion events with late endosomes and/or lysosomes?
In light of the EM experiment described above, we now provide new data regarding the role of GABARAPs in autophagy. Since the sequestration of GABARAPs led to the accumulation of large open autophagic structure we suggest that these proteins act downstream to the membrane elongation, possibly in the regulation of autophagosome sealing ( Figure 7B ).
This study makes no attempt to address the next level, namely the relative importance of the different members of the two subfamilies. Using siRNA KD (knock down) it would be worthwhile to test whether KD of single members has any effect at all. The answer may be that there is redundancy, but this is not tested yet.
If we look at the relative expression levels of mRNAs shown in Figure S1 we see that GATE-16/GABARAP-L2 which has been focused upon here (stable GFP-GATE-16 cell line used) has a very low relative expression level, for example. What happens if the authors knock down GABARAP-L1? Will that affect autophagosome formation? Also, along the same line, there are higher mRNA levels of LC3A and -C than of -B. Will single KD of any of these affect autophagosome formation.
As mentioned above, in the revised manuscript we present new data, which indicate a partial role for each subfamily member in the autophagic process ( Figure S1-D) .
Will overexpression of GABARAP-L1 or GABARAP give the same effect as GATE-16? Likewise, will overexpression of LC3A or LC3C give the same result as LC3B?
As detailed above, in the revised manuscript we show that all members of each Atg8 subfamily have a partial contribution to the autophagic process. The characterization of each member in this process is therefore beyond the scope of this manuscript and will be the subject of future studies.
The source (catalogue number if needed) and dilutions used for the different antibodies employed in this work should be given; LC3, p62, myc and GFP Abs.
We added this data to the Material and Methods section of the revised manuscript. Fig. 2B instead of Atg8s since this is based on Western blots using GFP antibodies. Scale bars are missing in Fig. 2C We changed the bars description and added a scale bar. were used for the quantifications in Figs 1 and 2 B . The levels of GFP-GATE-16 and GFP-LC3B were calculated using the total protein (lipidated and unlipidated) amounts. This is now clarified in the Material and Methods section.
It is better to use
It is not entirely clear if both form
What is the average size of autophagosomes in the HeLa cells used in this work? This is relevant since autophagosome size an important readout in this work.
The average size of autophagosomes in these cells as determined morphologically by EM (ultra section analysis) and presented in Figure 7B is about 500 nm.
8. At the bottom of page 7 experiments using cell stably expressing siRNA resistant We thank the referee for this comment and added the description of the relevant information to the Materials and Methods section. Briefly, to transform the GFP-LC3B and GFP-GATE-16 constructs to siRNA resistant cells, we mutated 4 regions in LC3B and GATE-16, which correspond to the regions of the 4 siRNA oligos.
9. In Fig. 6B, lower As shown in Figure 1 , in cells overexpressing GFP-GATE-16 the autophagy process is inhibited in response to LC3s knockdown, thus GATE-16 does not compensate for the lack of LC3s. According to our data, especially these obtained by immunoEM, GFP-GATE-16 positive puncta represent autophagosomes ( Figure 6E ). In the absence of LC3s the elongation of the autophagic membrane is blocked and therefore we assume that the GFP-GATE-16 labeled structures represent small aberrant autophagosomes that are defective in their ability to mature, thus accumulating in the cytoplasm. (Komatsu et al., 2007; Shvets at al., 2008b) ." However, these two papers do not contain any data on KD of NBR1.
In the last paragraph of page 10 it is stated that: "--, as knockdown of both p62 and NBR1 does not affect autophagy
We appreciate the referee's comment and replaced the references accordingly. Thank you for submitting your revised manuscript. It has now been seen once more by the original referees 1 and 3, and I am happy to inform you that both of them consider the manuscript significantly improved and therefore now suitable for publication in The EMBO Journal pending modification/clarification of a few specific points. Referee 1 also retains one more significant concern (see below) that should be carefully answered, but I will at this point leave it up to you if you would like to also include any additional EM data you may have in response to that query.
I am therefore returning the study to you once more, kindly asking you to incorporate these additional requested changes in a last round of revision. Once we will have received this final version, we should then be able to proceed with the acceptance of your paper.
I am looking forward to receiving your final version.
With best regards, Editor The EMBO Journal _____ REFEREE REPORTS:
This is now a very good manuscript, with well-executed experiments and appropriate controls. It will make a significant and important contribution to the field, and will provide a platform for improving our understanding of the flexibility of autophagosome biogenesis in mammalian cells, the relative roles of Atg8 proteins, and indeed the contributions of the Atg4 family of Atg8 regulators. I think the model proposed is a good one, and whilst the model is not yet proven, there is enough value in the manuscript to merit publication in EMBO with a few minor amendments.
My main concern remains the interpretation of (pre-)autophagosomal structures formed in LC3 or GABARAP silencing. The YFP-Atg5 labelled structures that the authors are claiming to be phagophores (unsealed) due to the presence of Ag5, look like sealed structures to me (despite the presence of Atg5). The electron translucent void seen in these structures is typical of aldehyde fixed, shrunken, mature autophagosomes, and if this is the case, then it suggests that autophagosomes can seal in the absence of GABARAPs. Given the quality of the plastic-embedded EM shown in Fig.  7B , and the convincing analysis of closed vs open profiles, could this more basic approach have been used instead for the analysis of autophagosome morphology/size in the siRNA characterisation?
-Results, p7: it is claimed that "The fact that both knockdown and overexpression of each Atg8 subfamily led to an opposite result raises the possibility...". However, this is not so: silencing GABARAPs or LC3s has a similar effect of increasing Atg5 and Atg16 punta numbers (Fig. 4) , by contrast, while overexpression of LC3 also increases Atg5 puncta numbers, GATE-16 overexpression reduces Atg5 puncta numbers (Fig. 5) . Can the authors please amend and clarify this remark.
-Results, Fig. 7B : how did the authors determine which cells were expressing Ag4A C77A for their EM analysis?
-Discussion, 2nd para: specify C74A mutant in reference to Fujita et al (2008) a.
-Discussion, 2nd para: The authors suggest that theirs is the first report to implicate GABARAPs in autophagy, however the work of Novak et al. (2010) .. EMBO Rep. 11, 45 strongly implicates GABARAPs in mitophagy, while prevention of GABARAP-L1 puncta formation sensitizes cells to starvation implicating GABARAP(s) in starvation-induced autophagy (Betin & Lane, 2009. JCS 122) .
The revised manuscript by Weidberg et al represents a major improvement relative to the original manuscript. Several important issues have been clarified, the paper reads better and is more interesting to read too. Particularly, the revised version presents data suggesting that the GABARAP subfamily of mammalian ATG8 family proteins may act after the LC3 subfamily in autophagosome biogenesis, likely by regulating sealing of the autophagosome. The authors have answered all questions raised by this reviewer in a satisfactory manner and added new information and data that have improved the paper significantly.
The references to the supplementary figures in the text do not correspond to their names in the figure legend. I. e. there is no Figure S1 -D, E, G or F and so on...
First sentence of the Discussion section: "high" should be corrected to "higher".
Page 10, second paragraph, line 4: "knockdown" should be corrected to "knock out" since we here have a reference to work on Atg3 KO mouse and not siRNA-mediated knock down of Atg3. Figure 6D : The results from the experiments involving siRNA mediated knock down of GABARAP family proteins and overexpression of the conjugation-defective GFP-LC3B G120A mutant and those involving siRNA mediated knock down of LC3 family proteins and overexpression of the conjugation-defective GFP-GATE-16 G116A mutant are only shown as confocal images in Figure  6D . These data should be plotted as bar diagrams together with the WT GFP-LC3B and WT GFP-GATE-16 G116A data shown below the cell images in Figure 6A and B. Thank you for your message dated March 22 concerning our revised manuscript. As you will see detailed below we have addressed all the minor issues raised by both referees. After careful consideration and in agreement with your suggestion, I decided not to include the EM data requested by the first referee in second round of revision for the following reasons: first and foremost, we believe that the model presented in the manuscript was examined by different and complementary approaches and is therefore well based. The requested experiment requires substantial time and effort that should, in my mind, be spent on taking this project to the next level. Indeed, we are currently putting together a new manuscript addressing new aspects of the model. Finally, the structures labeled by the YFP GFP presented in our manuscript look exactly like phagophores described by number of experts in the field (for example see Sou et al. 2008 Mol Biol Cell 19: 4762 75) .
My main concern remains the interpretation of (pre-) We thank the referee for the overall positive comments on our revised manuscript. We agree that examining the effect of the siRNA by EM will provide an additional view to our findings. However we believe that the model we put forward in the manuscript is well based and the requested EM will require substantial time and effort that in our mind is not essential for the present manuscript. Moreover, we are currently studying other aspects of our hypothesis, a subject that will be the focus of the next manuscript. It should be also noted that the immuno-EM images of the phagophores presented in our study are in agreement with previous reports of these structures (for example: Sou et al. 2008 Mol Biol Cell 19: 4762-75 ). Indeed we cite this study in our manuscript. (Fig. 4) , by contrast, while overexpression of LC3 also increases Atg5 puncta numbers, GATE-16 overexpression reduces Atg5 puncta numbers (Fig. 5) . Can the authors please amend and clarify this remark.
We have clarified this point in the Result section (page 7) of the revised manuscript in accord to the referee's comment.
Results, Fig. 7B : how did the authors determine which cells were expressing Ag4A C77A for their EM analysis?
In our system the transfection of the Atg4 mutant is very efficient; over 85% of the cells express this protein following the transfection. As mentioned in the revised manuscript, we examined large number of cells and the statistical results support the notion that most of the cells exhibit the phenotype described. We have now clarified this issue in the Material and Methods section.
-Discussion, 2nd para: specify C74A mutant in reference to Fujita et al (2008) a. We added this detail to the manuscript.
-Discussion, 2nd para: The authors suggest that theirs is the first report to implicate GABARAPs in autophagy, however the work of Novak et al. (2010) .. EMBO Rep. 11, 45 (Betin & Lane, 2009. JCS 122) .
strongly implicates GABARAPs in mitophagy, while prevention of GABARAP-L1 puncta formation sensitizes cells to starvation implicating GABARAP(s) in starvation-induced autophagy
-
We rephrased this part in the Discussion section (page 10) of the revised manuscript and added the suggested references.
Minor points: The references to the supplementary figures in the text do not correspond to their names in the figure legend. I. e. there is no Figure S1-D , E, G or F and so on... We are sorry but it seems that the previous version of the supplementary information was mistakenly added to the manuscript in addition to the PDF file that contains the information requested by the referee. In the new submission we omitted the redundant file.
We changed this word in the revised manuscript.
Page 10, second paragraph, line 4: "knockdown" should be corrected to "knock out" since we here have a reference to work on Atg3 KO mouse and not siRNA-mediated knock down of Atg3.
We corrected this word in the revised manuscript. Figure 6D . These data should be plotted as bar diagrams together with the WT G116A data shown below the cell images in Figure 6A and B.
We added this quantification to Figure 6 of the revised manuscript as requested by the referee.
